THE unintentional use of fever in the treatment of diseases of the central nervous system is very old. In the beginning of the nineteenth century, horsehair plaits were threaded and drawn under the skin of the chests of paretic and other psychotic patients. The purpose was to cause huge abscesses of laudable pus. A little later, paretic patients were actually infected with erysipelas in an attempt to arrest the disease. Occasionally remissions resulted, but often the patients did not survive.
temporarily exclude these factors. Table I consolidates all the important published  reports. The general survey of this. table immediately emphasizes the extremely low death-rate and the large number of patients who attain remissions or show improvement. A more careful scrutiny of these figures reveals other factors. Of the 742 cases reported in the literature, 212, or approximately 29%, are accredited with a complete remission, while 253, or 34%, are reported as improved and are now for the most part said to be no longer in need of hospitalization. Eighteen have died as a direct result of treatment. This is approximately 2J%. As before said, the Neymanin and Osborne [10] , [11] ... ... 25 16 2 0 King and Cocke [12] , [13] ... ... ... 12 2 6 1
Cortesi [14] . [16] ... ... ... 26 13 10 2 Wilgus and Lurie [17] ...
... 97 10 43 6 Pacheco e Silva, Passos, Fajardo and Marques de Carva]ho [18] .. ... ... 5 1 1 0 Hinsie and Blalock [19] ... ... 68 13 24 2 Schiff, Misset and Trelles [20] ... ... 2 1 0 0
Prior [21] , [22] ... ...
... 24 9 9 0 Halphen, Auclair, Crozon [23] . [28] ... 20 11 2 1 Epstein and Paul [29] ... ... 10 0 8 0
Graham [30] , [31] Worthing [32] ... ...
... 6 1 3 0 Freeman, Fong and Rosenberg [33] ... .. 50 0 10 2
Simpson, Kislig and Sittler [34] ... ... 19 18 0 0
Schallenberger [35] ... ... ... 4 2 1 1
Martinez [36] ... ... 4 3 0 0
Wilgus and Knhns [37] . death-rate attributed to malarial therapy varies between 10% and 30%. Certainly electropyrexia has decreased this death-rate to a marked degree. Whenever we deal with results achieved by many different investigators in various parts of the world, we must take cognizance of the influence of the human element. This accounts for what at first glance would seem to be an almost irreconcilable difference when the reports of some of the individual research-workers are compared. We allude to the statistics of Freeman, Fong and Rosenberg [33] in contrast to those of Simpson, Kislig and Sittler [34] . The first group of physicians treated 50 fairly deteriorated and demented paretics with ten short hyperthermic sessions. The fever was not allowed to rise much above 104-56 F. Simpson and his associates, on the other hand, treated 19 cases in the early stages of the disease with approximately twenty sessions of hyperthermia. The fever was maintained for many hours at a high plateau, ranging near 1060 F. Freeman and his associates report ten improvements and two deaths. The Simpson group records eighteen complete remissions and no deaths. It is hardly necessary to state that such extremes both in the type of case selected and in the method of administering this therapy are not the rule. We believe that the sum-total of all these results warrants the conclusion that electropyrexia is one of the most valuable modern aids in the treatment of dementia paralytica.
I have observed a recovery rate of 80% to 90% in my private practice. This demonstrates what can be accomplished with electropyrexia under ideal conditions. These patients were all in the early stages of the disease and were given intense and prolonged treatment in a private, sanatorium. None received less than twenty semi-weekly treatments. The temperature, ranging between 39 60 C. (103.560 F.) and 410 C. (1060 F.), was maintained for from five to eleven hours. This is our usual procedure. Results in this group demonstrate the value of strictly individualized therapy. In my opinion, the death-rate is so low that it is negligible. I have treated paretic patients with arteriosclerosis, diabetes, aortic aneurysms and advanced organic heart disease, and thus far have had only one death during the period of treatment.
The serologic changes do not correspond to the amount of clinical improvement. A decrease in the number of cells usually occurs after a series of hyperthermic treatments. The Pandy reaction occasionally decreases in intensity; the colloidal gold curve also tends to decrease and sometimes becomes practically negative. Often it is changed from a typical paretic to an atypical syphilitic zone curve. The Wassermann test of the spinal fluid shows little change until many months have elapsed.
My first series was reported in June 1930. Since then I have had opportunity to re-examine all the discharged patients from time to time. Two have had a recurrence of their former symptoms, but the rest are employed in gainful occupations; some are supporting large families.
Intense and prolonged treatment with electropyrexia offers a decided hope of recovery to every early case of general paresis. The extent of the psychotic manifestations has no bearing on the (question of recovery. Grandiose and expansive types with sudden onset have an excellent chance of reaching a perfect mental adjustment. Slowly dementing and depressed paretic patients are to be looked upon as more serious risks, and deteriorated paretic patients who have become demented to such an extent that they lead a purely vegetative existence, are hopeless and should not be treated. The future study of the brain pathology will clarify these facts. Judging from our knowledge of the effects of malarial treatment, infiltrations and.vascular lesions can be influenced but the damage done to the parenchyma is irreparable. Since it is impossible to estimate the extent of such damage by the clinical or serologic examination, except in patent cases of deep dementia existing for many months or years, we can conclude that all other types of general paresis should be treated. with malaria and 50 with twelve bouts of fever produced by electrical currents. We now consider this treatment totally inadequate, but it is interesting to note that even with this type of electropyrexia better results were obtained than with the infectious agents. We now employ at least twenty bi-weekly sessions of fever. The number of treponemas found in the sectioned brains of general paretics is very small. The treponemas found there must be adapted to the particular human being in whom they are lodged, because years have always elapsed since the primary lesion occurred. These treponemas have adapted themselves to life in the interior hotter parts of the body, and have become resistant to the natural curative tendencies of the luetic antibodies. Just as a therapia magna sterilisans, or immediate cure, is impossible in primary syphilis, whether by means of arsenicals, heavy metals, or heat, so this same idea of a single intense bout of fever in the treatment of late syphilis of the central nervous system is theoretically untenable, and cliDically impossible. The spirochEetes found in the central nervous system of human subjects are heat-and chemo-resistant organisms. The diseases which these organisms cause, general paresis, taboparesis, tabes, cerebrospinal syphilis, and luetic optic atrophy are eminently chronic. Their treatment should be based on this chronicity and on the increased resistance of the treponemas. I must, therefore, agree with those clinicians who have used malaria extensively, that fever therapy should be followed by courses of tryparsamide, combined with bismuth or mercury. This follow-up treatment should be continued until the spinal fluid becomes and remains negative.
Tabes.-As might be surmised from a perusal of the results described in general paresis, tabes is very favourably influenced by electropyrexia. I advise at least twenty bi-weekly treatments, of the same intensity as those given in the treatment of general paresis. It is, of course, not so easy to judge the clinical results in this disease as it is in general paresis. A long period must elapse before it canl be said that the progress of the disease has been arrested. Tabes, however, has one dominant set of symptoms by which the arrest of progress of the disease can be judged if these symptoms occur. I refer to tabetic crises and lancinating pains. It is interesting to note that electropyrexia has a beneficent and permanent effect on these very crises and pains. In some cases, the immediate results obtained by the use of electropyrexia are so astounding as to seem almost unbelievable. I have treated eight tabetics, all with crises or lancinating pains or both. In every case, pain ceased after five or six bouts of fever. Crises or pains have not recurred. With the amelioration of clinical symptoms, all authors have noted a reduction of the cell count of the spinal fluid, a decrease in the globulin content and the colloidal gold reaction, and also a decrease in the intensity of the Wassermann reaction.
Cerebrospinal syphilis.-Many investigators who have treated general paresis and tabes with electropyrexia have also given this treatment in such cases of cerebrospinal lues as they happened to encounter. This malady is a much rarer complication of syphilis, and occurs earlier in the course of the disease than do the parenchymatous forms mentioned above. The three forms of this disease, the endarteritic, the gummatous and the meningitic, are usually promptly alleviated or cured with neoarsphenamine and heavy metals. There are, however, recalcitrant cases, especially of the endarteritic and gummatous forms, which do not yield to ordinary antiluetic therapy or even to tryparsamide. This type is suitable for artificial fever treatment, and it is often surprising what can be accomplished. I believe that the clinical improvement seen in these cases is due not only to the destruction of treponemas and the response of the reticulo-endothelial system, but also to the generalized vasodilatation which always accompanies electropyrexia. I have treated five cases afflicted with the endarteritic and gummatous forms of this disease. All of them had been treated with arsphenamine, tryparsamide, mercury, bismuth and potassium iodide, without improvement, before electropyrexia was employed. All were benefited from both the clinical and the serologic viewpoint. One patient even regained control of his right arm which had been partially paralysed for six months before treatment was begun. Electropyrexia certainly extends definite hope to those patients suffering from tertiary syphilis of the central nervous system who have not been helped by the older and more conservative forms of anti-luetic therapy.
Syphilitic optic atrophy.-During the past three years, I have treated seven patients with luetic optic atrophy. A minimum of twenty treatments were given to each patient, with temperatures ranging above 105. 80 F. (410 C.) for four hours, and often above 107.°60 F. (420 C.) for two hours, while the patient's treatment lasted for at least eight hours with a temperature above 103 .50 F. (39.70 C.) . This is truly the maximum upper limit of safety for extensive treatments. Temperatures slightly above 107.60 F. (420 C.) can be reached and sustained in selected robust individuals if the maximum amount of medical attention is given during treatment. These cases of optic atrophy were all advanced when they came under my care. Thus far, three patients have become blind. The other four retained the remnants of their vision, aynd two even show a slight increase of visual acuity. There has been a decrease of the spinal fluid cell count and globulin content, and also in the height of the colloidal curve in all these cases. At least this is an encouraging sign. If early cases of syphilitic optic atrophy, without such gross visual defects as those that have come under my observation and care, could be treated, I believe that better results might be obtained.
Primiary and secondary syphilis.-All these facts naturally led us to an investigation of the effects of heat on early syphilitic lesions. Here the spirochoetes can be studied both in the dark field and in microscopic stained sections. Now chancres are always situated in relatively cold tissues, and the cutatleous lesions of syphilis are especially frequent in uncovered portions of the skin-the coolest regions.
In the course of my earliest researches with hyperpyrexia produced by diathermy, I therefore treated two male patients with chancres. The results were reported in 1932 [41] , from data obtained in 1930. One patient made a prompt recovery, while the other developed secondary lesions in spite of the fact that he had had ten fever treatments with rectal temperatures ranging between 103. 50 F. (39 . 70 C.) and 105.50 F. (40 80 C.) for at least five hours during each treatment. This aroused my interest, and I ascertained that the intra-urethral temperature of the male is at least 1°F. (0 550 C.) lower than the rectal temperature. The temperature of the mucosa of the glans of the penis where the lesions were located must, therefore, have been below that believed to be destructive to the treponema in the chancre, namely, 105. 80 F. (41°C.).
Following the animal and laboratory experiments of Bessemans aind Thiry [42] , and Carpenter, Boak and Warren [43] , I treated a third patient, suffering from primary syphilis, with electropyrexia at higher temperatures, approximately 105.-8 F. (410 C.) for four hours, and as before observed prompt healing of the primary lesion.
Later, this patient developed secondaries, but the rash was confined entirely to the face and scalp, the parts of his body which were uncovered during treatment. The disappearance of the local primary lesion did not prevent or materially influence generalized infection. Since syphilis is a systemic disease even in its primary stages, the local cooling of the skin of the face and scalp was assumed to be the reason for this failure.
The next five patients-four suffering from primary, and one from secondary, syphilis were, therefore, treated in an entirely different manner. They were placed in a hot-air cabinet, so constructed that the patient could be rolled in and out while in a horizontal recumbent position. The air temperature of this cabinet could be controlled with ease. A glass headpiece was fitted to the end of the cabinet in such a manner that the patient was bathed in hot air from toe to pate. Besides this, diathermic electrodes were applied to the patient's back and chest. Thus it was possible to apply varying amounts of external and penetrating heat at will. Furthermore, skin temperatures were recorded by means of thermocouples placed inside small needles, which were inserted under the skin of the chest, face and scalp. Thus, it was possible to maintain a definite measured temperature throughout the patient's body at will. Needless to say, this complicated procedure was attended with many technical difficulties, but we believe the possible accomplishment of our goal, the cure of syphilis in its earliest stages, justified our efforts.
By this technique, one patient had two treatments, one had three treatments, and two had four treatments. During every treatment the external and internal temperatures were kept well above 105-8; F. (410 C.) for two hours, supposedly the lethal temperature for treponemas. Four patients were then closely observed in the hospital. One of them showed secondaries at the time of admission. These, as well as the chancre, disappeared after the second treatment, but the secondaries recurred a week after the fourth and final treatment. The other two patients developed syphilitic rashes, six and seven weeks respectively, after their final treatments, and the fourth patient developed a luetic pharyngitis two months after cessation of treatment. The inflamed inguinal lymph-glands decreased markedly in size, but did not disappear entirely. In one case these glands later became very large, resulting in a generalized adenopathy. Finally an epitrochlear gland was removed and found to contain many treponemas and pus. All chancres healed promptly, and were always found to be superficially free from spirochaetes twenty-four hours after treatment. No spirochaetes were found in them at any time after the second treatment, even when sectioned, impregnated with silver, and stained. The Wassermann and Kahn reactions, positive in three cases before treatment was begun, became more positive, but remained negative in the other patient. Judging from these fourcases, as well as from the other three cited previously, it is safe to conclude that hyperpyrexia, even when apparently applied in adequate doses, and even when the external surface of the skin is heated to a spirocheetocidal temperature, is not able to eradicate the syphilitic virus. However, we believe that it is also safe to conclude that hyperpyrexia per se influences and partially arrests the progress of the disease.
The last patient in this group of five was, therefore, treated with the usual doses of arsphenamine and bismuth immediately after the hyperpyrexia treatments were ended. The positive Wassermann and Kahn reactions were reversed to negative one month later, and the patient has remained apparently free from all signs of syphilis during the past year. He has had no specific treatment for the last six months. Thus, the idea was abandoned that the important factor in the treatment of syphilis is the possibility of keeping the external temperature equal to, or above, the internal body temperature during hyperpyrexia treatments. A lymph-gland from each of four of these patients was removed, sectioned, and stained. Fragmented or apparently normal treponemas were found in three of these glands despite the fact that the sectioned site of the chancre removed at the same time showed no organisms. This seemed very paradoxical until the latest researches of Bessemans, Van Haelst and De Wilde [44] gave some insight into the true state of affairs. According to these investigators, the treponemas found in the inguinal and popliteal lymph-glands of syphilitic rabbits and guinea-pigs, and in the spleen and brain of luetic mice, are organisms adapted to more difficult conditions of existence. They are very virulent; one single organism is capable of causing an infection and they are quite resistant to heat and chemotherapy. In all these attributes they differ from the treponemas found in primary and other active lesions. These facts, definitely ascertained in animal syphilis, may well apply to human syphilis. At least, I believe they explain the failures cited above.
Following these eight cases, two further patients with primary syphilis and one with secondary syphilis were treated. The hot-air cabinet was abandoned and temperatures were produced by electromagnetic induction. Since the delirium and terrifying states of dyspncea were thus avoided, I was able to give each patient between five and nine treatments with temperatures ranging above 105.80F. (410 C.) for five or six hours. Neoarsphenamine was given in two cases immediately after fever treatment ceased. The last case was treated with small doses, 0-3 grm., of neoarsphenamine in the intervals between the bi-weekly attacks of fever. All three patients now have negative serologic findings, and the outlook seems promising. I am now trying to determine whether the best therapeutic effects are obtained by treatment with arsenicals during fever,'or between bouts of fever. I recognize the fact that the results of this combined therapy are open to attack and unfavourable criticism and, therefore, do not wish to draw unwarranted conclusions at this time.
From these findings, it is clear that primary and secondary syphilis will not yield to fever therapy alone, though the progress of the disease is arrested and many treponemas are destroyed by electropyrexia. This, I believe, explains the excellent results obtained in late syphilis of the central nervous system. It also proves that it is better to treat all forms of syphilis with arsenicals and heavy metals after fever therapy. The other effects of byperthermia, the dilatation of blood-vessels and the changes observed in the functioning of the reticulo-endothelial system, are probably of minor importance. Parkinsonian syndrome. Parkinsonian syndromes following lethargic encephalitis appear to be helped by hyperthermia. Thus far I have treated four -cases. I have noticed a decrease of the' tremors, the spasticity and general stiffness, and the ocular crises. The patients, who are very intelligent, say that they feel decidedly better, and one of them, a newspaper editor, can use a typewriter for the first time in two years. These results seem about equal to those reported by Pouppirt [45] , who has treated a much larger series with balneotherapy. Electropyrexia thus offers some solace to those unfortunates who, suffering from this incurable illness, have heretofore found only a little alleviation by using hyoscine and stramonium continuously. Electropyrexia is far from being a specific for Parkinsonian syndromes. The over-emphasis of its therapeutic value in this syndrome has done much to bring the whole field of fever therapy into disrepute.
Multiple sclerosis.-As is well known, the classical multiple-sclerosis syndrome has a tendency to run a chronic, progressive, ramittent course. The success or failure of any therapeutic attempt cannot, th-ierefore, be judged by the same standards as may be employed in judging the clinical results after treatment of other more definitely progressive diseases of the central nervous system. Spontaneous remissions in multiple sclerosis are almost the rule. Sachs [46] in a review of 141 cases observed over a period of years, places the rate of remissions without treatment at about 42%. Other ai-.ohors agree with these findings.
Our cases were divided into three groups, mild, advanced, and far advanced. These clinical divisions were, of course, more or less arbitrary. In the four mild cases the patients could walk when they were admitted for treatment, but showed many of the major symptoms of the disease. These had not progressed to a point where hospitalization was imperative. All four improved to such an extent that a clinical diagnosis without a history would be difficult. Two patients still have a positive Babinski's sign on one side. One still shows reduced vision, temporal pallor of the discs, and positive Bara%ny reactions. One is quite free from symptoms. All have returned to work.
The next group of eleven were all hospitalized from necessity. Seven patients could walk with difficulty and four were able to walk if supported. The major symptoms of the disease were outspoken. After treatment, only two attained a practically normal gait, and one of these evidently had a form of subacute disseminated encephalomyelitis. Spontaneous remissions are not uncommon in this acute form of the disease. The other nine all showed improvement in their gait, but still retained some spasticity; about two-thirds of their initial symptoms were absent or diminished after treatment. Four were able to return to their occupations; seven live at home in a semi-invalid state.
The third group of ten cases was more or less hopeless from the start. Six of these patients were bedridden and had lost all use of their upper extremities. It is a credit to the innocuousness of this therapy that treatment could be instituted at all. I did err in one case. This patient was in the final stages of the disease; he could move neither arms nor legs, and on attempting movement, shook from head to foot. He could barely utter sounds. The fourth treatment culminated with a sudden rise of temperature to 1080 F. (42.20 C.) . That evening respiratory difficulties developed, then the pulse became threadlike, a hypostatic pneumonia ensued, and the patient subsequently died. Another patient died two months after treatment had been stopped. Her symptoms increased rapidly during treatment. Four of the six bedridden patients regained the use of their upper extremities and are now able to feed themselves. One even learned to walk. Judging from my experiences, however, it can in general be assumed that a patient once bedridden will never walk again.
Summing up the results obtained in this series of twenty-five cases, we find that 44% were much improved and an additional 40% were improved to a lesser degree. Improvement occurred directly after or in conjunction with electropyrexia. The results achieved seem to be lasting, since there has been no appreciable change in the condition of these patients during the past two years. Remissions after electropyrexia are, therefore, not only more frequent but when groups of patients are studied, also last longer than in untreated cases. Chorea minor.-In a way, Sydenham's chorea occupies a position midway between definitely neurological diseases and infectious diseases. Heretofore, a treatment with penetrating beat has been impossible or at least impracticable because of the constant movement of the sick childr.en. Treatment with external heat seemed inadvisable because I did not believe that the phvsical exhaustion produced by this modality would permit its use in a disease often associated with acute endocarditis. When electromagnetic induction by means of high frequency currents became a usable method, I immediately began to treat chorea minor.
Thus far seven patients, all between the ages of four and eleven years, have been treated, with astounding results. All choreic movements ceased immediately after a series of treatments. From two to four bouts of fever produced by electromagnetic induction were given each patient. The treatments were given bi-weekly. The temperature was maintained between 1i4' F. (40°C.) and 1060 F. (40.50 C.) , for seven or eight hours. No higher temperatures were used, because children are inclined to react to higher temperatures with convulsions. It is too early to state whether or not these children will have a recurrence of their former troubles. At least it is fairly certain that the period of hospitalization for chorea minor can be greatly shortened by electropyrexia.
Asthma.-Asthma was first treated by Feinberg, Osborne and Afremow [47] , [48] , who suggested electropyrexia for the treatment of allergic disease. In their first publications they reached the conclusions that it is inadvisable to employ a fever higher than 1040 F. (400 C.), because at temperatures beyond this point the patient becomes very uncomfortable, restless, and cyanotic. In later reports Feinberg and Osborne [49] , Feinberg, Osborne and Steinberg [50] , and Neymann, Feinberg, Markson and Osborne [28] (that is to say, the same general group of workers), have amplified their reports, which now include forty-four cases. Twentytwo, or 50%, received a complete remission lasting from one week to nine and a half months. Fourteen more, or 30%, had definite improvement of their symptoms, but no actual cessation of asthma.
I believe that electropyrexia should only be used in those cases of chronic bronchial asthma that have not responded to more generally accepted and established forms of therapy. Electropyrexia is, however, a procedure worthy of trial in such cases of intractable asthma.
Chronic arthritis.-Markson and Osborne [51] made the first report of the treatment of chronic refractory arthritis. Neymann, Feinberg, Markson and Osborne [28] , Simpson [52] , and Halphen and Auclair [53] , have also published reports. All authors state that a certain percentage of cases have reacted favourably to electropyrexia. There is, of course, a great deal of uncertainty and confusion about the classification of chronic arthritis, and this makes definite conclusions as to the value of electropyrexia in the various sub-groups difficult. It is my opinion that the chronic infective or rheumatoid type gives the best results after treatment, and that the hypertrophic and atrophic types do not react well, if at all, to electropyrexia. Patients suffering from thehypertrophic type, especially with heart and kidney involvement, are prone to react to electropyrexia with delirium and other terrifying states. If all the published reports areanialysed, the conclusion can be drawn that about 70% of all cases of the chronic infective type are decidedly improved by electropyrexia.
Gonorrhea.-The treatment of chronic infective arthritis naturally leads to the subject of the treatment of gonorrhenal arthritis. Practically all clinicians who have treated infective arthritis have also treated the gonorrheal form. While opinions are somewhat at variance regarding the value of electropyrexia in the various sub-groupings of the arthritides, I can find no exception to the widely expressed belief that electropyrexia is the treatment of choice in gonorrhceal arthritis. Most authors agree that a comparatively high fever plateau ranging near 106.50 F. (41 .40 C.) maintained for five hours or more is the best therapeutic approach.
Other diseases.-Electropyrexia has been employed in the treatment of gout, pelvic inflammatory disease, endocrine disorders, poliomyelitis, vascular diseases, Raynaud's disease, mercurial poisoning, migraine, epilepsy, schizophrenia, manic depressive insanity, and many other acute and chronic conditions. Halphen and Auclair [53] , Henrard [54] , Fribourg-Blanc [55], Roger [56] , and Richet [57] , give comprehensive references to the various authors who have made these highly experimental and often nonsensical attempts to treat diseases that have not yielded to other therapy. Sometimes, such attempts may be justified, but the uncritical application of any therapy will finally bring it into disrepute. Uncritical laudatory reports based on the clinical observations of one or two cases only confuse the issues and actually impede progress. Table III gives suggestions for the technique of treatment of various diseases.
These are not hard and fast rules, since each patient must be treated according to his individual needs. The time and temperature equations are, however, an indication of what I believe to be the most suitable treatment periods. Therap. Monats., 1914, 28, 1-8.
